Two constructed wetland systems, treating domestic wastewater, are compared in terms of performance and costs. One is a free water surface (FWS) wetland system located in Pompia, Crete, south Greece, and the other one is a vertical subsurface flow (VSF) wetland system located in Gomati, Chalkidiki, north Greece. The FWS system is designed for 1200 p.e. Its construction cost was 305,000, and the capital, operation and maintenance cost was 22.07 p.e.
INTRODUCTION
Constructed wetland (CW) wastewater treatment systems are considered more reliable compared to conventional systems [1] , and are ideal technologies for small communities, due to their low construction, operation and maintenance costs, easy adaptation to the environment and limited generation of by-products [2, 3] .
One question however, is which is the optimum CW type (i.e., free-water surface (FWS), horizontal subsurface flow (HSF) or vertical subsurface flow (VSF) system) to use in a specific region, in terms of performance, costs, area requirements, and other factors. Most studies in the literature emphasize specific systems in terms of general performance [4] [5] [6] [7] [8] [9] . Other studies examine the effect of various design parameters [10] [11] [12] [13] . Comparisons of various CW types in the same region are limited (e.g., [14, 15] ). Construction and other cost data for CW systems are also limited (e.g., [16] ). The necessity of pretreatment is an issue for discussion, since modified VSF designs in France operate successfully without pretreatment [17, 18] . Finally, small-scale on-site CW systems are now installed for single family use (e.g., [19] ).
The aim of this paper is to provide a perspective for applying constructed wetland technology in the Mediterranean regions and specifically in Greece.
Descriptions, design considerations, construction cost, constituent removal performance, and operation and maintenance (O&M) costs of two constructed wetland systems (a FWS and a VSF) are presented. Both systems treat domestic wastewater and were designed for comparable treatment capacities.
METHODS AND MATERIALS

System Description
Two constructed wetland systems treating domestic wastewater are compared in terms of costs and performance.
One is a FWS wetland system located in Pompia, Crete, South
Greece, and the other is a VSF wetland system located in Gomati, Chalkidiki, Macedonia, North Greece.
FWS system
The main components of the FWS system are [20] : (a) a septic tank (up-flow reactor simulation) equipped with three screen vault filters [3] 
VSF system
The main components of the facility are: (a 
RESULTS
System Performance
FWS system
The results during the 3-year period of the FWS facility [3] .
VSF system
The monitoring results of the VSF system during the 13-month period of operation could be summarized as follows: Table 2 . Removals are satisfactory, considering that the facility was still new and the plant root system was probably not fully developed yet.
Relatively, high removal rates of BOD 5 , COD and TSS have been measured in the settling tanks. On the other hand, lower removal rates of TKN (77%) were observed, while TP removal showed fluctuation and some times increased along the hydraulic path of the system. It is obvious that to improve nitrogen and phosphorus removals the last stage of the system should also be planted and be put soon in operation.
System Costs
FWS system
System cost calculations are presented in In addition, the soil used for planting in the treatment cells was transported from a distance of more than 10 km with a relatively high cost. This work was also unnecessary. The net- and operation problems were resolved. These can be summarized as follows.
Design problems
A major design problem is the sizing of the siphon that feeds the first stage of the VSF cells (Fig. 1) . The dimensions of this siphon are 10x4.2x0.8m or 3. 
Constructions problems
A construction problem was the proper placing of the porous media and the installation of filtering material. Some porous media was washed out from the drainage pipe at the bottom of the wetland cells. Obviously, this was a result of not placing proper filtering material. As a result, seepage holes developed at areas of the cells from where wastewater could seep out untreated. Another construction problem was in the last stage (HSF), which was not perfectly level in the lateral to the flow direction, resulting in preferential flow (and plant growth) on one side (Fig. 3) . Again, this resulted in reduction in total active treatment area and perfomance.
Operation and maintenance problems
Operation and maintenance problems were also observed in some of our visits. For example, plants were grown (and not removed) inside the outlet overflow pipe of the last HSF stage, obstructing outflow and resulting in flooding of the system.
It is recommended that these problems are addressed to improve the system treatment performance.
DISCUSSION AND CONCLUSIONS
In general, selection of the appropriate constructed wetland system depends on wastewater characteristics, experience gained, local conditions and site constraints. planting from the start Gambusia spp. fish.
In terms of performance, the organic loading rates were slightly higher in the VSF than in the FWS system.
Furthermore, ambient temperatures in the VSF system, located in Northern Greece, are 5 to 10 o C lower. Nevertheless, the high efficiency of both systems has been observed. The cost analysis, incorporating both capital and operation and maintenance costs, also suggested a low cost for both systems.
The FWS system was less expensive to construct and to operate. However, the VSF system required considerably less land area (in this economic analysis the price of land was not considered). In terms of construction and O&M problems, the VSF system, which is more complex in design, construction and operation, showed most problems, which, however, could have been predicted and avoided from the beginning. d . When comparing the construction costs of the two systems, it seems that the VSF is slightly more expensive, probably due to the fact that this system contains more concrete and several pumps. Generally, the FWS system construction is much simpler. In terms of the capital and operation cost, it also seems that the FWS system is less expensive. Both systems are considered less expensive, both in construction and operation, when compared to equivalent conventional treatment systems operating in the same areas.
e. When comparing design, construction operation and maintenance problems it seems that, the VSF was more susceptible to problems since it is a more complex system. For both systems, careful design and construction, and proper maintenance are very important.
In conclusion, the treatment efficiencies of the two systems are comparable (except for TKN and TP where the VSF system had higher removal efficiencies), costs seem to be less for the FWS system, and land requirements are quite lower for the VSF system. Thus, one can select either system in terms of treatment efficiency. When land is available, the FWS system would be preferable because of its simplicity, less expensive construction, and more reliable and problem-free operation. If land availability is a problem or land value is high, then the VSF system would be more preferable. A careful design and construction, and proper maintenance are necessary in any case to avoid operational problems.
